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Influence of environmental conditions

Salinity stress

Although Zostera sp. can tolerafe a rvide range of
salinities, photosvnthests and respiration are inhibited
in waters u,here salinities are either hypo- or hyper-
tonic (Ogata & Malsui 1965, Bieble & McRoy 1971, Kerr
& Strother 1985). Although all sites used in this study
had lristorically supported Zostera marina beds prior to
die back in the 1970s, salinities do decrease rvith dis-
tarrue uprr iver, suggesLilll; d pussilJle eII€ct contllbutlng
to the decreased growth and sr"rrvival observed here.
Evidence suggests, however, tllat the salinity effect was
minor. Salinity decreased on average approximately
4 to 5%" between Y 1 1 and Y26. Using a linear relation-
ship between shoot production and salinity determined
by Pinnerup (1980) for Z. marina transplants in Danish
waters during the summer, we est.intate an approximate
1.07o decrease in shool production due to lower salini-
ties betrveen sites Y11 ancl Y26- This compares to the
approximately 85"/" clifference in shoot production
measnred betrveen Y11 and Y26 cluring May and June
in the growth experiments.

Disease

Evidence has lecl rnvestigators to suggest that envi-
ronmental stress may result in a weakened eelgrass
host lhat ',vould allor,r' a pathogen such as the marine
slinre molcl Labyrtnthula sp. to decinrate the popula-
trorrs (Rasmussen 1977, Short et al. 1988, Burdick et
al. 1993) Although this is a possrble explanation for
results documented in this study, there was no evi-
dence oI widespread disease symptoms in the trans-
plants here. The pattern of die-off in this study also
suggests a.n alternative explanation. Die-off here oc-
curred in [he upriver stations where salinities were
generally belotv 22%o (Fig.  B). In senera]., taby-
rinthula sp. tend.s to be most infective at salinities
higher than these (Burdick et al. 1993).

Water colutrn liqht attenuation

The precipitous dlop in shoot growth in April at Y26
when plant growth rates were at their annual maxima
(Fig. 2A) coincided with a period of high suspended
load and reduced light (Fig 3C, D). Durincl lvlay to
June at sites Y0 artd Y11 PAR at transplant clepth was
approximatclr'25 to 50'li, of sub-surface irradiance U0)
as determined from K6 measured during that period.
However for the May to June period at Y26, PAR
at transplant depth was only 12'r;. of ,16_ This would
only be marginally sufficient for growth (Duarte 1991,

Dennison et al. 19931 even given no other stressors
such as epiphytes. Thus, lor.v light availability rvas
probably a dominant factor causing the low growth
and ultimate mortality of plants at Y26. Similar rela-
tions have been observed previously, r,vhere reductions
in total daily light availabiliiy in June resulted in com-
plete loss of Zostera marina plants by the end of sum-
mer (Dennison & Alberte i9B5). Zimmern)an et al.
(i991) have suggested that extended periods of high
turbidity in spring may be responsible for the limited
depth distribution of Z. mafina in San Francisco Bay.

Dissolved nutrient concentralions

Declines of submersed macrophytes in some systems
has been attributed in part to nutrient enrichnent and
consequent increases in epiphytic accumulation that
limits light and carbon available for leaf photosynthe-
sis (e.9. Phillips et al. 1978, Trvilley et al. i985, Silber-
stein et al. 1986, Hough et al. 1989). During fall periods
rvhen elevated nutrient concentrations were measured
in the formerly vegetated, uprivel sections of the York
River, however, concomitantly higher epiphytic bio-
mass was not observed. Thus, in this study factors
other than nutrient suppJy, such as invertebrate graz-
ing activity (Howard 1982. van Montfrans et al. 1982,
Cattaneo 1983, Borum 1987, Neckles et al. 1993) or
temperature (Penhale 1977, Borum & Wium-Andersen
1.980, Libes 1986), limited epiphyte growrh during rhe
fall. Periodically bigher epiphyte loads at downriver
stations (Y0 and Y11) than upriver (Y26) cluring the fall
and winter (Table 5) did not appear to affect transplant
survival- Since light at the macrophyte leaf surface is a
function of both water column and epiphytic attenua-
tion, lower water column turbidities (Fig. 3) at these
dorvnnver stations during this period may have miti-
galed the effects of higher epiphyte loads

In the late spring (May to June) epipliytic bromass
was significantly higher at Y26 than at other sitesi this
was immediately before the transplants disappeared.
Atom.ic ratios of dissolved inorganic N:P (<10:1) ir-rdi-
cated that alqal growth was likely limited bv nitrogen
rather than phosphorus at this time. March to April
concentrations of DIN were similar among sites upriver
of Y0 (Fig. 4A), although DIN concentrations were ob-
served to be significantly higher at Y26 thdn downr.iver
sites in May. DIP concenlrations remained consistenLl)'
higher at Y26 than downriver sites throughout the year
(Fig  B) Although epiphytic grorvth may have been
dependent upon rapid recycling of N rather than
absolute coltcentrations, other factors may have also
contributed to increased epiphytic densities uprlver at
Y26 in late spring. In turbid esluaries, consid.er:able
amounts of inorganic and organic debris may be en-



trapped by the epiphyie natrix (Kernp et al. 1983).
Higher concentrations of this fouling material at Y26
rnay thus reflect high springtinte concentlations of sr.rs-

pended particles at [hat site In adclitiorr, lr4urray (1983)
Iound the rela[irre photosynthetrc efficiencies ol epi-
Ph)rtic algae and Zostera manna to resr.rlt in increasing
epiphyls;m66rophyte ratios rn,ith decreasirrg light in-
tensily. Differences in the mass of this epiphytic mate-
rial along the York River axis in the spring ntay thus
reflect respoltses to light availabrlity. Small increases
in accumulation of this materjal rnay limit n-racrophyte
survival at high levels of Kd (Wetzel & Neckles 1986),
and Z. marina appears most sensitive to eplphyte light
hmrtatron at hrgh \,vater temperatures (Neckles et
al. 1993). Therefore, epiphyte biomass may have con-
tributed to redr:ced macrophyte growth upriver during
the spring turbiclity peak.

Chlonic lvater column nitrate enrichment has been re-
lated to eelgrass declines tn some lnesocosm ennchment
experiments (Burkholder et al. 1992, 1904). Athough rhe
mechanism is not understood, it is hypothesized that
chronic i.vater column nitrate enrichment may promote
internal nutrient imbalances that lead to plant death. In
our study, diflerences in niirate concentrations betlveen
Y0 and Y26 were generally less than 1 prM, especially
during the spring and summer. This level of enrichment
suggests that. nitrate toxtcity \{as not a significant con-
lributor to eelgrass dechnes in ttre York River

Conclusions

The lack of regrorvth of Zostera marina into formerly
vegetated sites in a lower Chesapeake Bay tt'tbutar)' is
not simply due to lack of plopagules but can be related
to environmental conditions, especially high levels of
turbrdity during spring periods ol potentjally maximum
grorvth and carboirydrate storage. Prolonged periods
of nitrogen enrichment drrrrng the fall and winter
had no observable effect on epiphytic accumulations
or macrophlite grOrvth, plesuntably because of Over-
rtding control by other factors. However, the accumu-
lation of an epiphylic matnx on t.he leaves during the
spring may contribute to an injtidtlon of the seagrass
decline. Symptoms of LabyrinthtLla infection were not
observed. We suggest that insufficient grorvth during
the spring limits Z. manna survival through the sum-
mer. Although summertinte conditions may stress eel-
grass poprLlations in this region, they do not alone limit
long-tenn survival. Relatively short-term stresses dur-
inq certain criticai periods can therefore have iastinq
elfects on seagrass popr,rlations. Water quality condi-
tions enhancing adequate seagrass growth dunng the
spring nay lte key to long-term Z. ntarina survival and
successful recolonization in this reqion.
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